Small scale turbulence and instabilities observed simultaneously by radiosondes and the MU radar by Wilson, Richard et al.
Small scale turbulence and instabilities observed
simultaneously by radiosondes and the MU radar
Richard Wilson, H. Luce, H. Hashiguchi, Francis Dalaudier, S. Fukao, T.
Nakajo, Y. Shibagaki, M. Yabuki, J. Furumoto
To cite this version:
Richard Wilson, H. Luce, H. Hashiguchi, Francis Dalaudier, S. Fukao, et al.. Small scale turbu-
lence and instabilities observed simultaneously by radiosondes and the MU radar. 13th Interna-
tional Workshop on Technical and Scientific Aspects of MST Radar, Mar 2012, Ku¨hlungsborn,
Germany. <hal-00815851>
HAL Id: hal-00815851
https://hal.archives-ouvertes.fr/hal-00815851
Submitted on 19 Apr 2013
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 	ABCADDEFD	CFF	FCBEFA	DAC
BEFDEDE	BEB
	AB C DEFB C CEFB  EB  EB  B  
!"B# !EB$EE%&
A'D(#)*+,DB-,#.-	/,01B-	/2&*3E	&	B.4+-B,B	F
'-	/&5EE*E	2BD6B	F
'F+	&&E&7E&	!CE%	8B9:&-	/&:B-B$8	
'8&%	&78F.%%E	F&	;			BEE-	/&:7F	:BEEB
$8	
"');F&*.%%E	F&	-	/&:B<B$8	
C	B	($8	*	F=F%8	/&&&E:%*F&E!E	F
		&!&	&<&%8<F	EF&	8&%!0AA7&
<&#-!/&:>?"BA1A";@$8	A2C#-<
8&		%	%>DEF&B00AA7&E!E	F!/&	&
 &%8  > A 		>&:8F:0%AE&	  +	 &	B "B
!		&E%	&<&B6,2	<EFF7E:E	F
E	&F%8	<	&<8&	&>0AAB0AA<
&&&E!E	FF	!&F&7%</&F8=7&%8&E%E
7%&	E		&E&&F&	7/&E	E	&*F
8  	:  >8B  ABCCA  +	  &  8	&  <B  <    8	&  %
F%8	E&!&<			#-&
AD	BEA	FD
	7&& F	F8&	B >&&8*88A2C/!	
E  %E&	E:  <&  	&E%	&  !	  7  %E	  &%8F
8%& +	&F%8	%8/E	<	&!FF&&	
%F	%  &  2C  <FB  	  &E	B  8/  %  	7%&	  	  &%8F
:	%F	&EF&E&/EF(/&:7%&<&	/8
7  &/	  %*F  &E!E	F  8%&  7%      C</B  &
%		&EF	FF&&F7&&E!E	&/	&&F&!:	
&&88& 8:FE%	&8&:E&&F7&%8	
	  E&	  7  &  	&E%	&  >&:8F:    7<  %	E&  	  A"0  %B
8F&/:AF	&:B&#-!	E87!	8&		
%	%>FDE	F:%	+	&7%&:+%	*++*AB<	
	E&	7/&	%&	&%E&	7/&	F	 
>BDEF&B00AB001A
($8	*	F=F%8	/&&&&E:7&E!E	F		&!&
	&7&%8<&&#-	++%<FE&7&<
	8&%!0AA&&#-)!/&:>$8	AE	&F%8	B"B
	>2B6,A<E	F&&&E!E	&/	&<
&F&7%&%8&E4E%&:8=FF&7%	!:88:	
&%&F!!:	&>0AAB0AA
 && FF&  	 8&%! 0AA8E  & FF&E  &  &E!E	&
/	&&F&!:&#-	&!FE	&%8FF	&		<F
&:  FFE     8	&  %  E&  7  &  F%8	  	FE	  F&
F%8	!&<	!/!FF&%E&	E:!:		#-

		
"BB6,2	<E	F/:&E%	:E	
	&8%E%	&F	&78EB&%8&EB&/E%&:
>	E	&<	A&/&F%8	7ACE>*"%AB&!	!	
E	*	7&#-FG!	7&!%*&	888E
8&	&1"#CE>1"*%</	&B"*#CE!	<&	A*#8
E&8E&  8<A  >B  E  &  B  ABB0A      !%<&    1H    ++ 
&F	DEF	&	&	%&&	/F:*8F7DE	F<&F8E
&8E
FF&&&&/E7DE	F8FE	&8&/.8	
8F	 %&  >DEF & B  00AA     < 8& <& =/ DE:
8F7DE	F7%10#CE&C0#CE>B<&7DE	F:8F	70"
#CEA	%8	<87%7%A%E8&0C%(D<&&87 
"%>&	&	E&	<A"0%A	&		!%<&	&
&F&	>	/&F	&<!DEF&	&A077E	&&<&B
;&A&&<	FE!&%&	F8<!&<	F&	FE!
F%8	E%!7F	&	&&	<&DE&		8=
<FDE/:"&&%%8	71A
DE	BFD	E
8%&F	&	F%8	%E8&	&&%8&E8=
F	/E	/!:%&!&F%&	&&&8=I 
BE      7	F  87  %  F  &E!E	F    G8F&  &  	EF  F
/&E	<&	&I8=+	&=F&	7&&E!E	&:!	&
	&=F&	7&/&E	!:E!&F&	&!/	&8=>E
AAEF%&!	E%&:	F	F&EB	%F	&:		
&%8FF	&G&>DEF&B00@6//&B00"B&&B0A0B(8&E
& BB 0A0B9	&	CF	B 0AAA 	&   >0A0B 0AAA88	
!F&/%&!	!&	8&%=&			&&&F&&%	
8!&F&&7F/&E	8EF!:	
&/8E&E&	 %:	7F	&:EF&&!&:7  &&%8F
&&=F&	%8F&	&E!E	F&F&		FE7%	&E%E%	&
<F	&:F	!:	&  >0AA (FF	&&&&7  &
8F8!!:&	B:>E!&E&A&E&B&:	%& 
>&E&A!&F8&<&%&!:E	&/&	/	!:B
B  E	  	  9%8  >AB?A  .%8&  8&	&  &%8&E  8=  <
FFE&!:	E%F	&&	7&/&F8=7:&E&8
&>	&B0AA&E&>FE:A:<&F&7%&
	  %E%	&  7  &/  E%&:  !:  88:	  	  %8F  %E&*
&J%&F!!:K	&>0A0A
A;G%87&F&	7	/&E	!	&8&	
	AE
L7A8&%!0AABE%%	&F:F	FF	&	<%&/$8	$E&
7&&87&:8	/$8	>8&%!A&AB&&88F&*
&%B  	&:  E			  &    &&EB  7&  E&< (E&E%	 <&
F	&	  &&  7%    8&%!  <&  	&/  &%8&E  	%:  &
&88F&	&87	E88/7	&E	/$8	
!/&87  &  7	& !:!&#-		 (/: 	&	
&E!E	&  :  <  &F&  !:  #-  E	  &  	&  7  8&%!  "M1B
F8		&&87&E88/7	&>!<&	<		
E<	&F&	7&7	&E	A;F	&	&<%	&
&!%F&	B	F&	8E&8FF&&		&:>	&<	A
&E!E	&/	&<8!!:&	>"AB"	"A<	!:
E
E>A%*&F*F&	7F8<7%#-%E%	&	
++%	&/&F	F	F	<&&7&7	&	
&F	&	EE  	<&&&E/E&%7  &&!	  E	F
E	&/	&>!A&E!E	&:&F&7%&E		">D7&A
88F%	&>&A8	&	8&	&&%8&E>!E	A
	&	:	!:&#-<&	&&	"*""%
E!<&F&	7&&E!E	&:7!	7&"B&8
8F%	&	8	&(A*%8&E!E	&:<!/E	
&  &&E  7  "  %  E		&  &  7	&  E	B  F	&	&  <&  &  
!/&		EF	FE	&!/&	7%#-	!	
% &E 8!  &&%&  & 	&F 7  &  &E!E	& /	& E!E	&
	&F	:>9;AB&%&7%&/&F/F&:/	F%E!:&
#-BF"$4	/E!E	&8&	&	:>,;A	77%
&8	&	LE	&*2NNN7DE	F:FFE&7%!	&B0C$4
<&	  &  :    F8		  8&	  &  7  	&F  	:B εB  	
8&	&  	:B ε8B    /:  ' εO0%4B ε8OB%4  %  &
8&	&	&!FE	&!&:7&&&=F&	<&	&&E!E	&
:B	!&FEGPF89II4EQA04%!&	
 !DAFD
&FF&	8&%!0AA<!&	E	/E%&F
F	&	+	&8	&<B<7FE			&	&E!E	&/	&F&
<&7	&E	&E!E	F:<	&&FE!	G&	
<!<&7	&E	(:8&!:DEF&>0A0AB&E!E	F<
/::8EF!:F	/F&/	&!&:E&/8&/F		&
FE  !  +	  &  8	&  FB  &  &  7%  7E  F	FE&/  !	  F&
F	=%&8	F7&&F:E	&!:>R0A/	G&*F	F
&&	&8&&	+	&	B&8	F7&E!E	&:78&%&
&F:&F	>OA0%A<F	=%7%&	&E8=!:
88:	&F&	%&7&E!E	FF!!:	&>0A0AEF
%F	%7&E!E	F	&		&	&/&:	%F	&!&B
F%%	:88	&&&E	&FF&<&&/	&FE
! &%& E	  &  &	 88F 	 G&%/E 7  9;B  	:
8&	  &  	  &  7EG  <  !&	    E&  	F&  &&  EF
&E!E	&/	&%:/&	%8F&	&	/	%	&E&&E<!
87%7%&&&	<%&/E&	&%	&!&<	&
	!	&		&7:	&%F	%7	&	7&E!E	F	
/E<&F	&	
"D#D	$		FE88&7&&:7&<E&>		C
DEFA<8/!:+CE	&=F%8	,&7&<<F
E&E	&&:7CEF&+C7E	!:&&	+	&&E&7+	7%&	
	7.%%E	F&	F	:>+.B$8	A	<7E	!:
D(#)
%&BD
(88&&EB,	9E			B,9'&!/&	7&E!E	F8%&
	&&88/&L:7L		&(!	E		B$ 
68:BAA"B01A0"B'A0A0B400B$0ABA1B0A0M?B1
E	B	$9%8BAB?')	&77F&7%&E	&LE	&*2SSS
7DE	F:$(&%FBBBA"MA"?
EBB&BEB# %%&B%	B	9&BABB0'#-' 
<F8!&	:&%F!&	FB"BCCM?"
6//B#B CDEFB#.F&BEB	EB00"'E!E	F
8%&&%&	7%*E&	!	&%8&E%E%	&7&
#-+*000F%8	(		68:FBB0AMA
9	&BD	CF	B'8&	&7&E!E	F	&F	:	&7
&%8' #		B  $ (&% * ,:B CB A0MA0"AB
0AA
DEFBCBEBEB	#.F&B00'&	%G	/	&!/
	  & &88E<& &#- 	&*E&	!	&F	DE  $
(&%FB"BB??"
DEFBCB6C	8FEB# %%&B	EB001'C*E&	/&F
%	7&&88	<&&8E	&	<%E:&%
(		68:BBCBAM?0
DEFBCB# %%&BEBCB	#.F&B00A'(7DE	F:%	
  	&7%&F  %	  >=A  &F	DE ! 	 *E&	 %&  $
(&%,:B1AB??"M?B1
DEFBCB&B0A0')!/&	7/	*%&E	&!&:&FE!<&
&%	E88&%8>%EA	<&$68:BAA"B
'A0A0B400B$0A"AB
&BB2	&&%	B#B,&B(9B9	#E&:BL2B	LB
2'  E!E	F  FF&&F  /  &8F  &&	  6	  >A"  B  CB  ;A
&%&E	*E&	6,	&B$68:BAA"B0CA0B
'A0A0B400B$0ACB0A0
8B(BABCC'E!E	F	%G		F&&FB,	:F 
D		B?1(BA"MA?A
	BB EB	CDEFB0AA'.		&F&%*F&E!E	F
7%  &	  %&F  	T  (&%  #  FB  B  CB"M?0B
'A0"AB4%&MMCB"M0AA
	BBCDEFBEB	$D7UB0A0'E!E	&8&F	&=F&		 
&8&	&*	&:4&%8&E8=$(&%)F	FF	B1BBCCMBB
	BBCDEFBCCEFB	#&	B0A')	&77F&7%&E	
&&F&	7  &88F  &E!E	F  7% 	 &E%E%	& E!%&& &
(&%#F
K	B$BC.	BKDBV	BD,	B  EB	#.!!B0A0'(	:7FE
:&EF&E	EG	BF	BE	B	!:B"EFE
$68:BAA"B'A0A0B40A0$0A00
